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(57) ABSTRACT

The present invention provides an apparatus for measuring a
location and a distance of an object by using a camera includ-
ing: a camera module for photographing an external image; a
parameter setup umt for setting internal and external param-
cters of the camera module; an 1mage processor unit for
receiving a captured image of an image photographed from
the camera module, extracting a target object within the cap-
tured 1mage, and extracting specific point coordinates of the
extracted target object; and a location and distance calculat-
ing unit for calculating three-dimensional object location
information in a two-dimensional camera coordinate system
through the internal and external parameters of the camera
module and coordinates of the target object, and calculating
distance information from the location information of the
object.

10 Claims, 5 Drawing Sheets
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APPARATUS AND METHOD FOR
MEASURING LOCATION AND DISTANCE OF
OBJECT BY USING CAMERA

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of Korean Patent Appli-

cation No. 10-2009-0070419 filed with the Korea Intellectual
Property Office on Jul. 31, 2009, the disclosure of which 1s
incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an apparatus and a method
for measuring a location and a distance of an object by using
a camera, more particularly, to an apparatus and a method for
measuring a location and a distance of an object by using only
one camera, 1n which specific point coordinate’s of a target
object are extracted from an 1mage photographed by the cam-
era, three-dimensional location information 1s calculated by
using the extracted point coordinates, and then distance infor-
mation 1s extracted from the three-dimensional location
information.

2. Description of the Related Art

Recently, various industry fields have been applied tech-
nologies which can recognize a front object on a plane and
catch distance information and location information of the
recognized object. Especially, with the application of the
technologies to automobiles, there 1s a tendency to develop
and popularize various technologies that can sense location
and distance information of an object on a front of the auto-
mobile on the move, and guide an optimal running condition
to a driver.

For example, technologies for sensing location and dis-
tance information of an object may be applied to technologies
for preventing front and rear collision 1n an intelligent auto-
mobile system. At present, the continuously developed tech-
nologies enable an automobile system to provide not only
auditory sensing information, but also visual sensing infor-
mation through a camera when a front object or a rear object
1s sensed, so that the driver can recognize the distance and
location information of the object with ease.

In a conventional scheme for implementing such auditory
or visual sensing information, the approximate location of a
front object or a rear object 1s sensed through either ultrasonic
waves or lasers, the sensed information 1s transmitted to a
main controller, and then a driver acquires the transmitted
information by the auditory information.

However, 1n this case, since the distance and location infor-
mation 1s determined by information retro-reflected to the
object, the auditory information alone 1s provided. Further,
only simple information for determining existence or non-
existence ol obstacles caused by objects within a specific
distance 1s provided. Therefore, the conventional technolo-
gies fail to meet user’s demand.

In order to solve such problems, there have been provided
a technology for photographing a front image or a rear image
through a camera, and transferring the photographed image to
a driver while providing visually sensing information of the
front object or the rear object.

A scheme for providing visual sensing information
through a camera has an advantage in that 1t can sense an
external object more easily than a scheme for providing audi-
tory sensing information, but has a disadvantage in that it 1s
necessary to generate three-dimensional information through

10

15

20

25

30

35

40

45

50

55

60

65

2

combination of two or more pieces of photographed informa-
tion, 1n order to catch location information and distance infor-

mation of an object through a camera. In this case, since the
camera itsell provides two-dimensional information, two or
more cameras are used to take a photograph at the same time.

However, in a conventional scheme for providing visual
sensing imnformation by using a camera, 1t 1s necessary to use
two or more cameras for extraction of three-dimensional
information, and to extract location and distance information
ol an object by combination of an 1image gathered from two or
more cameras. Therefore, there are disadvantages 1n that 1t 1s
complicated to provide the information, and 1t is necessary to
use an additional 1mage processing device.

SUMMARY OF THE INVENTION

The present invention has been proposed 1n order to over-
come the above-described problems and 1t 1s, therefore, an
object of the present invention to provide an apparatus and a
method for measuring a location and a distance of one object,
in which internal and external parameters of one camera are
set, specific point coordinates of an object to be measured are
extracted from an 1image which 1s inputted from the camera 1n
real time, three-dimensional location information 1s calcu-
lated through two-dimensional coordinate system of the cam-
era by using the extracted point coordinates, and distance
information 1s extracted from the three-dimensional location
information.

In accordance with one aspect of the present invention to
achieve the object, there 1s provided an apparatus for measur-
ing a location and a distance of an object by using a camera
including: a camera module for photographing an external
image; a parameter setup unit for setting internal and external
parameters of the camera module; an 1image processor unit for
receiving a captured image of an 1image photographed from
the camera module, extracting a target object within the cap-
tured 1mage, and extracting specific point coordinates of the
extracted target object; and a location and distance calculat-
ing unit for calculating three-dimensional object location
information 1n a two-dimensional camera coordinate system
through the internal and external parameters of the camera
module and coordinates of the target object, and calculating
distance information from the location information of the
object.

The image processor unit includes an image capturing unit
for instantly capturing the image photographed from the cam-
era module, and an 1mage processing unit configured in soit-
ware or hardware so as to extract coordinates of the target
object within the captured image.

The internal parameter set through the parameter setup unit
1s set by adjusting a length conversion variable for a pixel of
the camera module and a focus distance of the camera mod-
ule.

The external parameter of the parameter setup unit 1s set by
adjusting a distance vertical to the camera module based on a
known plane at which an object to be measured 1s located
outside the camera, and a tilt angle between the known plane
and the camera module.

The specific point coordinates of the target object extracted
by the 1mage processor unit are indicated by an output of
vertical (y) pixel information and horizontal (x) pixel infor-
mation on the two-dimensional camera coordinate system.

The target object extracted through the 1mage processor
unit 1s one or more 1n number.

The location and distance calculating unit collects the
internal and external parameter setting values of the camera
and real-time pixel information for coordinates of the target
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object of the captured image, thereby calculating three-di-
mensional location information by equations,

X .

X = ﬁ (cos¢pz — singh), and
v+ tanqb}’
Y — fytanq!b

5=

The location and distance calculating unit extracts distance
information from the three-dimensional location nforma-
tion, through an equation,

szrxz +Vo427,

In accordance with still another aspect of the present inven-
tion to achieve the object, there 1s provided a method for
measuring a distance and a location of an object by using a
camera including the steps of: setting internal and external
parameters of a camera module; extracting an object target
from an 1mage mputted from the camera module, and extract-
ing pixel information of specific point coordinates by a two-
dimensional camera coordinate system from the extracted
target object; calculating three-dimensional location infor-
mation of the target object through and the parameter infor-
mation and the specific point coordinates of the target object;
and calculating distance information of the target object by
using the calculated three-dimensional location information
of the target object.

The method further including a step of captunng an mstant
image of the object to be measured among 1mages through the
image capturing unit, and setting the target object, before the
step of extracting pixel information of the specific point coor-
dinates.

The internal parameters may be defined by a product of
vertical or horizontal direction transformation factors (ax, ay)
for a focus distance (1), and the external parameter may be
defined by a vertical distance between the camera module and
the known plane where an object to be measured 1s located,
and a t1lt angle between the camera coordinate system and the
known plane.

In the step of calculating three-dimensional location infor-
mation of the object, when the location information of the
target object 1s set to have vertical coordinates, x directional
location and z directional location may be calculated by equa-

tions,

X .
x = —(cos¢z — singh)
fx

v+ tanqb}’
Y — fytaan)

5=

The distance information P may be calculated through a
following equation, by using the three-location information
of X, y, z directions through the equations,

PV +y7 4z,

BRIEF DESCRIPTION OF THE DRAWINGS

These and/or other aspects and advantages of the present
general mventive concept will become apparent and more
readily appreciated from the following description of the
embodiments, taken 1n conjunction with the accompanying
drawings of which:
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4

FIG. 1 1s a view showing a relation between a camera
coordinate system and 1image coordinates 1n an apparatus for

measuring a location and a distance 1n accordance with an
embodiment of the present invention;

FIG. 2 1s a block diagram showing an apparatus for mea-
suring a location and a distance in accordance with an
embodiment of the present invention;

FIGS. 3 to 6A and 6B are views showing a process 1n which
a location and a distance are measured through the apparatus
for measuring a location and a distance in accordance with an
embodiment of the present invention; and

FIG. 7 1s a flowchart showing a method for measuring a
location and a distance by using a camera 1n accordance with
an embodiment of the present invention.

DETAILED DESCRIPTION OF TH.
PREFERABLE EMBODIMENTS

v

Embodiments of a method for measuring a location and a
distance of an object 1n accordance with the present invention
will be described in detail with reference to the accompanying,
drawings. When describing them with reference to the draw-
ings, the same or corresponding component 1s represented by
the same reference numeral and repeated description thereof
will be omatted.

First, F1G. 11s a view showing a relation between a camera
coordinate system and 1mage coordinates 1n an apparatus for
measuring a location and a distance 1n accordance with an
embodiment of the present invention. FIG. 2 1s a block dia-
gram showing an apparatus for measuring a location and a
distance 1n accordance with an embodiment of the present
invention.

Hereinafiter, the embodiment of the present invention waill
be described under the assumption that a camera of being a
main component 1s fixedly positioned, and a desired object to
be sensed through the camera exists on a known plane.

For more clear understanding of the embodiment of the
present invention, a camera mounted on an automobile, and a
front object photographed through the camera considered as
a target object will be described.

As shown 1n FIG. 2, the apparatus for measuring the loca-
tion and the distance 100 1n accordance with the embodiment
of the present invention includes a camera module 110, a
parameter setup unit 120 for setting a location relation of the
camera module 110 and an internal photography condition,
an 1mage processor unit 130 for extracting specific point
coordinates of a target object P from an 1image photographed
by the camera module 110, and a location and distance cal-
culating unit 140 for extracting location information and dis-
tance information of the target object P through the specific
point coordinates.

The camera module 110 1s 1nstalled at an arbitrary spot,
including the front of the automobile, or the rear of the auto-
mobile, to photograph a front 1mage or a rear image. The
camera module 110 also converts the photographed image
into an 1mage signal through an 1mage sensor (not shown).

The camera module 110 provides images photographed 1n
the 1image sensor of a CMOS or a CCD, and provides an image
from the 1mage signal converted by the image sensor accord-
ing to a communication scheme, such as an NTCS, a PAL, and
SO On.

In this case, the parameter setup umt 120 sets internal and
external photography conditions of the camera module, so
that the image photographed through the camera module 110
can be provided to be suitable for the processing unit 130.

The parameter setup unit 120 sets internal and external
parameters of the camera module 110, and has the set param-
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cters stored therein. Herein, the set parameters include not
only an installment location of the camera module, but also
detailed parameters which may be set through a user inter-
face.

The internal parameter may be set by adjustment of length
conversion variables (ax, ay) for a focus distance (1) of the
camera module 110 and a pixel of the camera module 110, so
1x, and 1y corresponding to pixels can be defined as a value,
obtained by multiplying ax and ay of being direction trans-
formation factors of x axis and y axis together the focus
distance (1). That 1s, the internal parameter 1s set by correction
of 1x and 1y, 1n order to perform a calibration process of the
camera module.

Further, when the camera module 110 1s mounted at a
predetermined height of a mounted target (automobile), the
external parameter includes a vertical distance (h) between
the camera module 110 and the known plane, and a t1lt angle
(¢) formed between the camera module 110 and a plane
inclined to the known plane. Since the camera module 110 1s
mostly fixedly installed, the tilt angle (¢) with respect to the
known plane which 1s changeable at the time of image pho-
tography may be set as a variable.

Herein, a camera coordinate system for extracting coordi-
nates of the target object P from an image photographed by
the camera module 110 1ncludes an x axis, a y axis, and a z
axis. Herein, the z axis 1s made by defining a coordinate axis
vertical to a camera 1mage plane, and the x axis 1s made by
defining an axis vertical to the z axis based on a camera center
point as 0 1n a two-dimensional coordinate system, and the y
axis 1s made by defining a remaining vertical axis.

In this case, when the camera module 110 1s tilted, an x axis
1s coincident to X', resulting from the rotary transformation of
the x axis in the camera coordinate system, before and after
rotation of the camera coordinate system, which 1s expressed
as x=x'.

Meanwhile, the 1mage processor unit 130 extracts the tar-
get object P by combination of the image information and the
parameter information, and coordinates for the target object P
(1.e. coordinates of the specific point on the two-dimensional
camera coordinate system). Herein, the 1mage information 1s
photographed through the camera module 110, and the
parameter information 1s set through the parameter setup unit
120.

To this end, the image processor unit 130 includes an image
capturing unit 131 for instantly capturing the image transmiut-
ted through the camera module 110 in real time, and an 1image
processing unit 132 for extracting the target object P and the
coordinates from the captured 1image through separate sofit-
ware or separate hardware.

In this case, the image processor unit 130 can extract at
least one target object from the 1image photographed by the
camera module 110. A description will be given of an
example of a scheme for extracting the target object P and the
coordinates of the target object P.

First, when it 1s assumed that there 1s an 1mage photo-
graphed through a camera mounted at an arbitrary spot 1n
front of the automobile on the move, as shown 1n FIG. 3, the
image 1s transferred to the image processor unit 130 through
the camera module, and then the transferred image 1s captured
through the 1mage capturing unit 131.

The 1image processing unit 132 extracts the captured image
from a background based on a desired object to be measured
as the target object P, and extracts coordinates of the extracted
target object P according to a soitware scheme or a hardware
scheme.

In the present embodiment, 1t 1s possible to set a specific
point for a desired target object P, which 1s to be extracted, on
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the 1mage photographed on the basis of a running lane posi-
tioned at the center, and to set the target object P because of
presence of the target object on the known plane as a runming
surface.

The target object P can be extracted by an edge extraction
(shown 1n FIG. 4), a feature extraction (shown 1n FIG. §) for
setting a specific region for the entire 1mage as a region of
interest (ROI), and so on. In the base of the edge extraction
shown 1n FIG. 4, the edge extraction may be implemented 1n
various manners, by using a sobel filter, a canny filter, a
prewitt filter, and, so on. The feature extraction shown in FIG.
5 may define features as linear components existing within
images through a Hough transform scheme.

Meanwhile, when the target object P 1s defined within a line
ol a region of interest, the target object P within the region of
interest can be extracted as shown 1n FIG. 6A, through four
apexes of the running lane, finally obtained by reducing the
running lane surface of the rectangular running lane included
in the linear component to four apexes.

Further, 1t 1s possible to set the target object P through the
central point of the runming lane surface as well while nar-
rowing the boundary of the running lane surface as shown in
FIG. 6B.

After the target object P 1s extracted, coordinates of the
target object P 1s extracted 1n the unmit of a pixel on the plane
within the 1mage.

As shown 1n FIG. 6 A, when the target object P, that 1s, the
target object obtained through four apexes of the runming
lane, 1s extracted, coordinates of the running lane may be
outputted 1n the form of (X1, Y1), (X2,Y2), (X3,Y3), and
(X4,Y4) as coordinates of running lane, through two-dimen-
sional camera coordinate system, on the plane within an
image for four apexes of the running lane.

In this case, since only coordinates of the central point of
the target object P 1s extracted if the target object P 1s as in the
case of FIG. 6B, the central point of the running lane may be
outputted 1n the form of (X1, Y1), through two-dimensional
camera coordinate system, on the plane within the image.

The outputted target object P and the coordinates of the
target object P on the plane 1s provided to the location and
distance calculating unit 140 so that the location and distance
of the target object P can be finally extracted.

The location and distance calculating unit 140 calculates
three-dimensional location and distance information of a cor-
responding target object P by combination and calculation of
location coordinates of two-dimensional camera coordinate
system of the target object P extracted through the image
processor unit 130 and internal and external parameters cor-
responding to setting values associated with installment of the
camera module 110.

X, V, Z, which are coordinates representing where the target
object P 1s located 1n three dimension, can be calculated by

tollowing Equations 1 and 2, based on the condition of y=h,
wherein h as being a height vertical to the known plane 1s

fixed according to the installment condition of the camera
module 110 as shown 1n FIG. 2.

X oy Equation 1
X = ﬁ(msaﬁz — SN # )

_ Jy +tangY h Equation 2
“T Y~ ftang
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Also, the distance information of the target object P can be
calculated by a following Equation 3, by applying the
Pythagorean theorem to the three-dimensional information
(X, v, z) of the target object P.

PNy +y o4z

Meanwhile, a detailed description will be given of solu-
tions for the equations, when a method for measuring location
and distance 1s described with reference to the drawings
below.

FIG. 7 1s a flowchart showing a method for measuring a
location and a distance of an object by using a camera 1n
accordance with an embodiment of the present invention. As
shown i FIG. 7, 1n the method for measuring the location and
distance of the object, the cameramodule 110 1s installed at an
arbitrary spot in the front or rear of the automobile, and
internal and external parameters of the camera module 110
are set (step S101).

The internal and external parameters set in the camera
module 110 are stored in the parameter setup unit 120, and the
camera module having the parameters stored therein photo-
graphs an external 1image. Then, the photographed image 1s
transmitted to the 1mage processor unit 130, and then the
target object 1s extracted (step S102) and specific point coor-
dinates of the target object P are extracted (step S103).

Next, three-dimensional location information of the target
object 1s calculated based on Equation 1 and 2, by using the
specific point coordinates ol the target object P and parameter
information (step S104).

Further, distance information of the target object P 1s cal-
culated by using the calculated three-dimensional location
information (X, y, z) of the target object (step S105).

In this case, the method for measuring the location and
distance of the object may further include a step for setting the
target object P through an edge extraction scheme, or a feature
extraction scheme simultaneously while capturing instantly
the 1mage transmitted to the 1mage processor unit 130.

Further, the method for measuring the location and dis-
tance information may further include a step for setting coor-
dinates of a corresponding target object P based on any spe-
cific point of the target object P, for example, outermost
apexes, central points, or the like.

Meanwhile, Equations 1 to 3 for calculation of the location
information and distance information of the target object P
are as follows.

First, in Equations 1 to 3, the camera coordinate system in
which the center of the camera module 1s the origin (0) 1s
denoted by X, v, z, and rotary converted coordinate system by
a tilt angle 1s denoted by X', y', ' when the tilt angle (¢)
between the camera module and the known plane 1s formed,
which satisfies a following equation (1) by homogeneous
transform.

Equation 3

B 0 [x (1)
vV =0 cos¢ sing ||y
77| LU —sined coso ||z

Rotary converted x', y', z' calculated through equation (1)
are as follows.

X'=x
V'=cos ¢py+sin ¢z

(2)

Z'=—sin py+cos ¢z
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Meanwhile, when pixel coordinates of the target object 1s
defined as X, y on the captured image, a following equation
can be obtained 1n projection geometry.

! 3
X=fx><x—f )
34

!

}’:ﬁzxy—
Z!‘

7', y' 1n equation (2) 1s substituted into 7', ' in the equation
(3), and the condition of y=h 1s applied under the assumption
that the target object P exists on the known plane, which 1s
defined by equation (4) below.

. COosph +singzg (4)
r=1J —singh + cosgz
Expression for z 1s given as follows.
_ Jy +tangY h (5)
¢ Y — fytang

From equation (3), z coordinate information of three-di-
mensional location information of the object can be obtained.
Next, referring to X function in equation (3), X 1s expressed as
equation (6) below.

x’ (6)
X = fxx E

Expression of X 1s given as equation (7) below by applying
equations (1) to (35), as 1n a case of z coordinates.

X , (7)
X = —(cosgz — singh)

fx

From equation (7), X coordinate information of three-di-
mensional location information of the object can be calcu-
lated. Since y 1s equivalent to h in the applied conditions,
three-dimensional location information can be calculated by
coordinates of X, y, z of the target object P. Further, the
three-dimensional distance information can be calculated
through a following equation using Pythagorean theorem, by
collecting three-dimensional location information.

PNz 8)

In a method for measuring a location and a distance of an
object 1n accordance with an embodiment of the present
invention, three-dimensional location and distance informa-
tion 1s calculated through two-dimensional coordinates of an
sensed object extracted from an image photographed from
only one camera, so that functions of at least two cameras can
be performed even through only the camera. Therefore, it 1s
possible to reduce manufacturing costs of the apparatus for
sensing a location and a distance. Further, it 1s possible to
obtain real-time 1information and to provide not only obtain-
ing information for a plurality of objects, but also generic
information, by calculating a location and a distance 1n sepa-
rate hardware or 1n separate soltware.
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Also, 1n an apparatus for measuring a location and a dis-
tance 1n accordance with an embodiment of the present inven-
tion, a conventional sensing system based on various sensors
can be substituted with a visual sensing system capable of
outputting an 1image. When the apparatus 1s mounted on an
automobile, a system for providing running information in a
variety ol forms can be implemented to be intelligent and
visualized. Further, the apparatus generally provides moni-
toring information by using a camera, so that a variety of
functional factors can be integrated.

As described above, although the preferable embodiments
of the present ivention have been shown and described, 1t
will be appreciated by those skilled 1n the art that substitu-
tions, modifications and variations may be made in these
embodiments without departing from the principles and spirit
ol the general inventive concept, the scope of which 1s defined
in the appended claims and their equivalents.

What is claimed 1s:

1. An apparatus for measuring a location and a distance of
an object by using a camera comprising:

a camera module for photographing an external image;

a parameter setup unit for setting internal and external

parameters ol the camera module;

an 1mage processor unit for receiving a captured image of

an 1mage photographed from the camera module,
extracting a target object within the captured image, and
extracting specific point coordinates of the extracted
target object; and

a location and distance calculating unit for calculating

three-dimensional object location information from a
two-dimensional camera coordinate system through the
internal and external parameters of the camera module
and the specific point coordinates of the target object
extracted by the 1image processor unit, and calculating
distance information from the three-dimensional object
location information of the object.

2. The apparatus of claim 1, wherein the 1mage processor
unit includes an 1mage capturing unit for istantly capturing
the 1mage photographed from the camera module, and an
image processing unit configured in software or hardware so
as 1o extract coordinates of the target object within the cap-
tured 1mage.

3. The apparatus of claim 1, wherein an internal parameter
set through the parameter setup unit 1s set by adjusting a
length conversion variable for a pixel of the camera module
and a focus distance of the camera module.

4. The apparatus of claim 1, wherein the external parameter
of the parameter setup unit i1s set by adjusting a distance
vertical to the camera module based on a known plane at
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which an object to be measured 1s located outside the camera,
and a tilt angle between the known plane and the camera
module.

5. The apparatus of claim 1, wherein the specific point
coordinates of the target object extracted by the image pro-
cessor unit are indicated by an output of vertical (v) pixel
information and horizontal (x) pixel information on the two-
dimensional camera coordinate system.

6. The apparatus of claim 1, wherein the target object
extracted through the 1mage processor unit 1s one or more 1n
number.

7. The apparatus of claim 1, wherein the location and
distance calculating unit collects the internal and external
parameter setting values of the camera and real-time pixel
information for coordinates of the target object of the cap-
tured 1image, thereby calculating three-dimensional location
information by equations,

X
X = —(cosgz — singh), and
X

f
_fy+tan¢>}’h
“TY_ ftand

8. The apparatus of claim 7, wherein the location and
distance calculating unit extracts distance information from
the three-dimensional location information, through an equa-
tion,

PV P12,

9. A method for measuring a distance and a location of an
object by using a camera comprising:

setting 1nternal and external parameters of a camera mod-

ule;
extracting target object from an 1image inputted from the
camera module, and extracting pixel information of spe-
cific point coordinates by a two-dimensional camera
coordinate system from the extracted target object;

calculating three-dimensional location information of the
target object through the parameter information and the
specific point coordinates of the target object; and

calculating distance information of the target object by
using the calculated three-dimensional location infor-
mation of the target object.

10. The method of claim 9, further comprising capturing an
instant 1image of the object to be measured among 1mages
through the 1image capturing unit, and setting the target object,
before extracting pixel information of the specific point coor-
dinates.
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